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Background: Symbolic Music Generation

• Also known as: algorithmic composition, automatic music creation
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Data-driven music generation

MusicVAE (ICML’18) Music Transformer (ICLR’19)

CP-Transformer (AAAI’21)

Rule-based music generation

EMI (Computer Music Journal, 1987)

Mozart Dice Game (18th century)



• What is structure? 

Form: The temporal relationship and dependency among the music. 

Texture: The spatial relationship and the organized way between the multiple parts or 
instruments of music.

Composing music with a satisfactory structure is still challenging!
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① It depends largely on the musical context. 

② It exists in various musical elements and 
appears the hierarchy. 

③ Form and texture connect closely and  
support to each other.

• Why is structure hard to model?
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Three corresponding requirements

To mine the musical contexts adaptively

To model the hierarchy of multi-level elements

To capture such mutual dependency

① It depends largely on the musical context. 

② It exists in various musical elements and 
appears the hierarchy. 

③ Form and texture connect closely and  
support to each other.

• Why is structure hard to model?



Motivation: A strong connection between harmony and structure
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Chord Progression Formaccompany with

integrated closelyChord Texture

evolve into
capture mutual 

dependency

Information Flow

Harmony Structure



Methodology (1/3): How to represent the symbolic music?
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Methodology (1/3): How to represent the symbolic music?
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Tokenize the score

Primary
Melody

Secondary
Melody
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Harmonic and 

Rhythmic 
Support

Phrase1
F#m A Bm F#m

…

…

…

[BOS] Phrase1 …M
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F#m …

Duration

Pitch

Track

Chord

Phrase

Tempo

Beat

Bar

Type

<BOS>

Bound

70

0

1

Tempo

1

<CONT>

0

<CONT>

Phrase

1

61

SM

<UNK>

<CONT>

<CONT>

14

<CONT>

Note

…

F#m

<CONT>

<CONT>

0

1

Chord

…

Nine events in music tokenization

To serialize the multi-type musical informationSolution: 



Methodology (2/3): How to model the hierarchy of structure?
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Methodology (2/3): How to model the hierarchy of structure?
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To design the hierarchical interactionSolution: 



Methodology (2/3): How to model the hierarchy of structure?
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S0
M

[BOS] F#m A Bm F#m F#m A Bm F#mPhrase2 A D C#m F#mPhrase1
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Phrase1 … … … … … … … … … … …

Update Token 
Representations

[BOS] F#m A Bm F#m F#m A Bm F#mPhrase2 A D C#m F#mPhrase1
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Methodology (3/3): How to capture the dependency between form and texture?
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Methodology (3/3): How to capture the dependency between form and texture?

7

To learn the dependency from local texture to global formSolution: 

S0
M

Update Token 
Representations

[BOS] F#m A Bm F#m F#m A Bm F#mPhrase2 A D C#m F#mPhrase1
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Evaluation (1/2): Performance of Music Understanding
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Next Token Prediction (NTP)

The trends of the NTP’s Mean Square Error as the prompts’ lengths increase.
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Evaluation (1/2): Performance of Music Understanding
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Next Token Prediction (NTP)

The trends of the NTP’s Mean Square Error as the prompts’ lengths increase.

Capture the 
repeating patterns

Some new sections may appear The models know “when to end” 
but don’s know “how to end”



Evaluation (2/2): Performance of Music Generation
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To measure the stability of grooves between 
accompaniment textures.

Accompaniment Groove Stability (AGS)

To evaluate both irregularity and variation 
rationality of the chord progressions.

Chord Progression Realism (CPR)

• Two objective metrics (newly proposed)

To score Melody (M) and Groove (G)
Overall Performance (OP)

To score Primary Melody (PM) and Consonance (CO)
Texture

• Six Subjective metrics

To score Coherence (C) and Integrity (I)
Form

Objective Evaluation

Subjective Evaluation



Case Study
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Fitness scape plots. The generated pieces are prompted by 
the intro of the real piece.
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Case Study
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😊 HAT has been capable of 
imitating the outline 
structure of the real music.

😫 It is still too hard for HAT 
to polish and refine the 
generated pieces to pursue a 
real work of art.

Three main sections

Lack of the fine grained structure

Fitness scape plots. The generated pieces are prompted by 
the intro of the real piece.



Conclusion and Future work

• Contributions 

We propose the harmony-aware learning for structure-enhanced pop music generation. 

We design the hierarchical structured-enhanced mechanism to bridge form and texture. 

We develop two objective metrics for evaluating the structure of music from the 
perspective of the harmony. 

• Future work 

Controllable Generation: Eg: explore new methods (or controllable modules) to polish and 
refine the musical details of generated pieces. 

Symbolic to Audio (Performance Synthesis): Research on merging the human performance 
techniques into the generated music.
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Code: https://github.com/RMSnow/HAT 
Demo: https://www.zhangxueyao.com/data/HAT/demo.html
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